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1 Problem 1
The following two circuits are incremental equivalents of
a common emitter transistor for a small signal operation
around a Q-point.
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Determine y1, y2, y3, in terms of yie, yre, yfe, yoe

and hence in terms of the common emitter h-parameters.

1.1 ANSWERS :

y1 = yie + yre =
1− hre

hie

y2 = −yre =
hre

hie

y3 = yoe + yre = hoe − (1 + hfe)
hre

hie

gm = yfe − yre =
hfe + hre

hie

2 Problem 3
Voltages and currents are both time varying small incre-
ments for the following circuit.
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The h-parameter equivalent circuit can also be
used to represent common collector and common base
transistors for linear small signal operation about a Q-
point. Calculate the CC and CB h-parameters in terms of
CE h-parameters.
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Common Emitter(CE) h-parameters

vBEi = hieiBi + hrevCEi

iCi = hfeiBi + hoevCEi

Common Base(CB) h-parameters

vEBi = hibiEi + hrbvCBi

iCi = hfbiEi + hobvCBi

Common Collector(CC) h-parameters

vBCi = hiciBi + hrcvECi

iEi = hfciBi + hocvECi

The quatities marked are small signal increments
around a Q-point in the active region. The equations are
linear small signal relationships.
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2.1 ANSWERS :

CC parameters :

hic = hie hrc = 1− hre

hoc = hoe hfc = −(1 + hfe)

CB parameters:

hib =
hie/(1 + hfe)

1− hre + hiehoe

1+hfe

hrb =
hiehoe

1+hfe
− hre

1− hre + hiehoe

1+hfe

hfb =
−hfe

(1 + hfe)
− hoehie/(1 + hfe)2

1− hre + hiehoe

1+hfe

hob =
hoe/(1 + hfe)

1− hre + hiehoe

1+hfe

3 Problem 4
Calculate the CC and CB h-parameters. The CE
h-parameters are : hie = 4000Ω; hre = 0; hfe = 200;
hfe = 200µS.

3.1 ANSWERS :

hib = 19.89Ω hic = 4000Ω
hrb = 4.973 ∗ 10−4 hrc = 1

hfb = −0.9950 hfc = −201
hob = 1.243 ∗ 10−7S hoc = 25µS

4 Problem 5
The voltages and currents marked are time varying
small increments around a Q-point. Calculate the CE,
CC and CB y-parameters in terms of the CE
h-parameters.
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4.1 ANSWERS :

yie =
1

hie

yre = −hre

hie

yfe =
hfe

hie

yoe = hoe − hrehfe

hie

yib =
(1− hre)(1 + hfe)

hie
+ hoe

yrb =
hre(1 + hfe)

hie
− hoe

yfb = −[
(1− hre)hfe

hie
+ hoe]

yob = hoe − hrehfe

hie

yic =
1

hie

yrc =
hre

hie
− 1

yfc =
−(1 + hfe)

hie

yoc = hoe +
(1− hre)(1 + hfe)

hie

5 Problem 6
Two other equivalent circuits for a transistor are
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Currents and voltages shown are small time varying
increments around the Q-point. Get hib, hrb, hfb and hob

in terms of re, rb, rc and α. Also express rc and α in
terms of rd and β occuring in the other circuit.

5.1 ANSWERS :

rc = (β + 1)rd α =
β

β + 1

hib = re + (1− α)
rbrc

rb + rc

hrb =
rb

rb + rc

hob =
1

rb + rc

6 Problem 7
If the incremental quantities marked on the transistor
are very small, they can be expressed as follows:

vBCi = hiciBi + hrcvECi

iEi = hfciBi + hocvECi
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Calculate the CC h-parameters given that re, rb and rd

are 20, 200 and 20000 ohms respectively and that β is
200.

6.1 ANSWERS :

hic = 4.216K hrc = 0.9990
hfc = −2000.799 hoc = 4.995 ∗ 10−5S

7 Problem 8
re, rb, rd and β are 25Ω, 300Ω, 35KΩ and 150
respectively at a particular Q-point. Calculate the CC
h-parameters of the transistor that Q-point.

7.1 ANSWERS :

hic = 4.0723K hrc = 0.999286
hfc = −150.892 hoc = 2.855 ∗ 10−5S

8 Problem 9
Find the Z and Y parameters of the following circuit
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r1 = 200Ω, r2 = 20Ω, r3 = 20KΩ and β = 249

8.1 ANSWERS :

Z =
(

220Ω 20Ω
−4.97998MΩ 20.02KΩ

)

Y =
(

0.1925mS −0.1923µS
47.8826mS 2.1153µS

)

9 Problem 10
The following are the incremental equivalent circuits of
the CE transistor for small increments around a
Q-point. If both are identical, find r1, r2, r3, and gm.
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200 ohms

25 ohms

2M ohms

alpha = 0.99

r1

r2

r3 gmvBEi
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9.1 ANSWERS:

r1 = 2.70025KΩ
r2 = 2.1602MΩ
r3 = 270.025KΩ

gm = 36.663mS
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